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Estimate of the decay widths of scalar mesons (' < ) connec­
tion between meson^meson sigma terms and the pheno­
menology of scalar meson decays.
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f  it (jin'iWf nt o f  f^rylofial Knyiitn  riHfj Colhtfc I>uni<(put
( tvvd to i)vlobn l!)7r> n r i s t d  2S J i f i o  11)7(1)
rnirriil. a.|^ nl>rnj<- . IH'At' aj>pro\in!ai ams and a
plausi)>)(‘ <- o i i j ac l t l i <" (l('c*a,y \Aidlli-N nl scalar iiirsnus lm\r brrn 
(\stijuated. llsiu^' aasatz loi iiu\soii-iiM'.son sic!;ma-tiTms. diivcl 
roimcH'tious l)niwn(‘u ijirst' l-i'inis lui\<‘ laa'n dc]'i\(‘(L i<‘la-
tioiis provide  ^ tin- drnay widths <d‘ st alar-im‘S(His and I In' l al-n*
l I i-t'.snlis (/(nilinn llii- iiii'soril r\p«'i imnulal data
1. It T^RODCOTlON
Smc'c; (hill-Mann's <»ri i^nal sn i^j;nstioJis ( J 1 0 ( » 4 )  ol’ tlu' SU(Ii)(g)HU(:i) stnn- 
1nr»- of t'ho str«ni '^ intinaC’iion Hajniltonian, mufli (diort lias lua ji dcnolrd to 1 lio 
study ol‘ ijn' approMinalo- symimdri i<ss ol stnuiL); mhoacd iojis. Tin* sjjn]>li'sl 
a.ssumpt i(un duo to (dasUaw aj)d ((dashan o/«/ I IMIS) and (nll-Maun
aji,d ollnns ((h'll-Majin r{ n l  UHiS), is tJiat tlio syimiKdiy brrakinp, part ot tlio 
Hamill oiiia-n doasity belongs to tliu (3, 3)(§)(3. 3) r(•J^ (^^ '^ (*n( at ion ot SV (3)® St'(3), 
Mvon t-lion, this siia i^Jo inodri has failod (,o provido oj uniai jultaination alauit 
tho luitiun' ot ohiral symmetry bu-alving, wkat o\ton(, (4dra) s\jnmotr\ must 
bf. Inokcui a.nd v hat. .symiinh.ry bmaking nicrliaiasms (inodols) sliould Ik; nsi'd.
Onu may gcd. answers piutaniiiLg to tin' ipirstions raisrd abov<* Imni tin 
study of trho, so-(;alled sigma-tcTins in mosf>n-baiyon (Hij j^ad-Kim U)7(). (Inuig 
rf ad U171, Koya, U)74) and mosoii-im;son (Brandt d. al l!)7d, Kajig Jh73) scattri ing. 
Tln^  stud '^ of nn\son“baryon sigma-trrms has attrartrd a groat dral oi attcuit-ioji 
b(K:a.ust^  tin; prnsout meson-baryon scattering data arc. coji)[»arcd to iiic-sojn 
mosoji data, less eontjoversial and anibignous.
Although meson-meson sigma-terms have a bearing on Uie (jncsiious nn io 
t.ionod t;aj‘lier, rtdaiively hoAer estimates ol those-tcuiiis have [)(kui made limn 
those- of meson-baryon (;asc. The reasojis of which have previously heem stated, 
Of the ieav’ estimates tin; Avoik of Bi'audl and lh'e[>ara4c: (Brandi c/ af 11)70) and 
Kang (1973) deserves sjxaual mention. But one must admit- tlmt tin* jd»oV(' 
authors have made many ol)j(K;t.ionable assumptions in estimating these; tiims, 
so a further iuv«;stigat.iou of tJi(; jjioblem is necessary,
* IJnptulimmt of Obysicfs, B.B. CoJlogo, Asauriol,
III ilto work w’v aim ai iiudiiig out- tlu^  coritiilmtionx of thu d(H*ay
widths ol scalar lm^ sorl, nujiuily a-iid !(► 1lu‘ cxjmriimaital (jmTticJc
Data (h‘oui» 1!)74) sum  ^ T / aa) (dO i S) Mc\' aiul also invmstd'gatiiig
the values (d mcsonorjcson sjgma.-i(Tins. We lum* not obta-iiKHl uiiiqiu^  valuos 
(»l I lu‘S(^  t-ci ms, itislea-d, luiv(! ]ui1 somc‘ uppia- and lowcj- Ikhiik Is on t-lumi. At 
lengtii vve discuss the ])lieiiomenological implicaiiojis of the aliove schenu^
To .-ichit^ ve (hcMc i»l)je(div<‘s we stai’t with the exprf\ssjojis ol‘ meHnn-jiU'Son 
sigma-terius {rr-jT u-ud n- f\ scatt(uiiig) In s('(>. 2, tolloA\iug th(^  trclmi(|ue oi 
Siiilia (I fd (1972) and Irom a- j)lausih(e eoujiwtme aw (ddahied atlui vahi(\s ol iJu^  
(haay widths ol siailav-mesori (r and c).
Using adisatz for mesmi-jm'sou sigma terms and the philosophy ol Siidui 
fl al (1972) a- set of ndations** coiim^etiug r ;y a n d  havi  ^ heiui ohlaimal in 
s(u‘t 2
In Kiih s(U‘t.. 9.1 (d' this pap(U‘. a- hriid' niejition is made' ol th(‘ a|)])li(7it ion ol‘ 
these relations which provider (lie decay widths tlial lit metdy with llic leceiil 
expei iimmlal data. Our rt^sults art' Kumiiuirisial ju stud 4
2. Tnio JJbJt AY W jdtijs qi Scalar Mesciiss
W'e write doivn, tollowiug Uk; [iroci'ilui’e (d Siiiha t i  (d (1972), tlu' ('xpii'ssious 
oj mesoiMu(‘so(i sigmadeims id'(77"/v) s(‘a-t ttaing onls and iic)t, thmi' A^ alues
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' W l  " - ’ “ -I L 2\/d \ ;$ ... (1)
1 ' - 1 ^L \/J nirr^  ^ ' A
j -1 iJkk O'n 1
;{ >»'ro- J' ... 0)
hroiu tlie pms(Ti]»tion <d (dasluns vV ^Vulinl)erg (199S) and also tJiat (d Oell- 
.Manii, Oakes Hennej* (19(>S) that the symnudry hrt‘aking j>ait of tlu^  llamih 
Ionian density htdongs to Hit' (9, 3)(x)(3, 9) reju'csenlat-ioiL ol
Sl'(9)(§)Sl’(9). a,iid are rediieetl to tin- following loans also,
>7t - v'2wo 71 >] (9)
(r-l y-2) I J< I v'2a,, f /Vsl A >  1 (4)
Kmn» ilit' t>\'prossiuMhi nt Hint (wIlcip Kamis ;j,n> ii'din'n'tl) ;viid luirinl/
(sri‘ siM'l :i) rni- i*' si'i of hiriiilii.r Mudi o‘Un»v>nrt eaii 1>o nbtauuni
*** Oiir n<i(iUiou is sncli Itml in }>ions ai'c rt'ilnccil aiut in m--), Kaons a-n' red art‘il
i.e. rc ,\t '  .reliil iun is nsod Im llie innsoii apnoaring at the first jilaeo of llie Hubscri]>t.
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From oqs. (J) to (4) it is clear tluit thi^  tornis evolve {'um ihv Ivrm^ ^
■ ' wlii(^ Ji transform iikt' „ | ,so making; i>l ili*' t onjee
turc* - : P I I  P > 'X </* I I 7^  where’ // (j i 1 a^ fTf-irrf we met the FFS 
(immix(^d) coujdiug coiiHtaiits :
f/nn
r//A’
2 (v/2--r/2) 1/ V
V 3 (c-i-v'2) t'lc mr
(I K
1 f-h V - iiih'-
2\/;{ T/^-W2 ,v »<„ ir,'
(■">)
NN'itll,
Ho'
-A '2
lllir- V'^ H' II'
I’lu’ eff(M‘t, of the (e f') inixinm aiimh' on Mu' ii!)(»v(^  e‘ou])linm: lon i^tants jm 
t.ikeji by using l]\e usual lolatious,
e sin (f \ (' C(»s 0 
t cos (f f/ sin
(7)
Tin* (^xprossjons for and can oa-sily l»c, hnmd out I'lom eiis. (b), ((>) 
and (7).
Ill all our numerical ivstiniatieuis we huax* usesf the \"alue (Sinha */ al Ih71)
CktUff \of r- ^ A w ' 1 to b(‘ ecuial ot^
c^m  2 I (-K.Wkl
tros.
This expreshion for r Avas obtamied liy tlie use o1 Kaon ami Ihoii TCAt' n ia 
t.ions only. Tln^  iutere s^ting teature in tln^  dmuA'ation ot this relation is that tin' 
a-ssuinption of (\f Ck and :::0|a„|t)> t) of (^ 'IVlOlv scliemc ar<’ not re.(|ulre‘d
A t preseuit the mass of r  li(^ s bfhvviMui ((100-700)  ]\1e\ and hemx* ( lie eouiiling 
constants ca-unol- be niiiquel^ '^  di^tennined. Tin' A’^ ai iatjon oi F/TT/r  ^ i0,A b’
given in table 1 for diffi'rent A^ aliU's of along with (f F) jnixing anyles.
From the abovu‘ tabh' it is ek'ui' tliat the vajiation in flic sum 1 > I /a/.*
against /a, is small and the tAvo loget.her are vcjy close' to the c'xqierjrneiilal lind- 
ings (Particle Data fhmqi 1074) (-10 ] H) MeV. In lahh  ^ I, all tin’ mixmg anm> s 
along with the corresponding mass rofeu’ to V^ mr bOO AleV, the |nes(‘nt < xpeii- 
mcntal loA\or limit.
* Kqs. (l)-(4) provide only I wo iin(lo])ninl.‘,nl (Squall mns in foui nnkii<j\\u mid |//j,d
(\vtu‘)0 1 - U, H). With Uic holp lit the nhoci  ^ eonjajctme oni' enn th- /orolli jukI * i i^hl
|HUtH fif i*t[ (1) wiOl tlu^  (‘fin’eM|>ondiri  ^ |itirt.s uf <mj, (-0 to e(r.
2
'riil)lu ). ((. - 6') mixing anglos and tlio dc'cay-wiclths while 600 MoV.
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MoV 000 025 050 075 700
(r r^p
Mixing
50“'2r 51 51' 
55 00'
5irt0' d(V’20' d2'’00'
r< ' n rr 
( I^nV)
15!) 4:{U SOI Id 72 22‘Sl
'Lk
(M.-V)
10 05 :u ■ 1K 20‘SS 1!) 2:1 1 l'S5
KuiUkh' il Ixtis Ih^oii found oxjK riiiU'uliilly (hirtidr J)ata Oiou]) l ‘J74) l-lial 
i '  is its,social 0(1 wit.h a sliarp fall in iJic (n-7i) .s-muv'o (dasticit-y. Tli(' inolasl i(‘
(diiUimd ros|)ousil)lo for Uiis droj) is tt~v  —> KK. As (.' ooiipk^ s slrouffly to J\ K 
syslii'jM, tla^  Kh isoscalar -s'^ wavo^  sca(-t(/riui; (‘oim\s out, lo l>c, (jiiitc Ijigli
In view ot tlu> ahov(‘, ohsiM Vat-ion our analysis fa.voms 000 MoV bi'causo
tlio ratio V/r^ jjIV/nk incac^ ascs Avith tlu^  iucroaHo m llu' mass of r.
o ('()>; NJ<;CTtoNB TiKTOMHN Mrso j^AI i^ s^ON Sigima-Tkkms
We .start, witli Mio (‘,xj)i'(^ ssioii ot rr.^  ^ and rr^ ,, (tlu* ('X])icssion ol lias
IxM'U IIsUmI III tlio ])nu’(aling socliou.s) :
of I (hr:Tuu ,2 T
I 2 I V-it V’d Vd I (H)
IA»r nuiuoriral (estimation of tlaesi' t('nns we roipiio' tJio vahu's (d'
{i 0, S), hill tl»os(^  twmiiliiig (‘onst.aiits liavi^  not yv\ licen pieviously d(derinnin<‘(l,
Ilir(netij(‘a,lly or expi'riiiKvntally. So instc^ ad o( dideriniuing t]l(^ s(^  sigma-tiutus 
diriHitlv Iroin «Hjs. (I) and (S), we matu^  tlic' aiisatz tliat. Hit* valiites of and <r^ -^ 
aie and A^ rn^ '' resjioct ivoly.
Tin' roason tor making sucli ansat z is as follow^ s ;
With the values of and rr i^  ^ ot Brandt, i f al (H170), and Kang (Jt)7‘l) a.s 
input., (H]s. (1) and (8) a.re solved for from wlii(‘h \ \r  get ilie eorre.sponding
d(‘eav widths.
Tin', results thus olitaiiied differ \vid(dy from tln^  pnesont exjuaiuir'iital data 
(I’artieje Data thoiip 1071).
Fttllouiiiij; Mm' ansatz, (1) ami (H) niu hr wriUrn as
A --
,1 " /] /// . ^
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[ihi)
wlmi r
I />'
\/2
A 2( m 
<‘ k
V v
(i»i>)
 ^ j T j , ] V h ‘V, IJi(‘ (‘xpri iiiKMiia-I (FarlirU* Data (Ji onp l!)7l) lovNt'i 
iimii, as input, r(|s (i)a) aiul (!lh) rrdiirr! lo
M-9-5:17 (10a,)
(i:tr>s \/2:( A
and
w 2 (fA, {\A(m \ n /y/„ -
(lOh)
.. (10..)
Siiu'(' d's as sliowji ill appoiulix, aud ar.^  posilivi* (s«‘0 srrl 2), (Im
jiiaxmuim a,ml minimum \alurs oT/U ar(‘ 0\15H ami zrro t^lu  ^ niaxmium ami llu‘ 
minimum va-luo.s ' air I-2IJ aiid 0- l0,‘D i('S]M‘r1 iv.'ly
Putting 1 in (U], (lOaj \\(‘ A,, 1-00 whJrli is riosr to tlir vaJur
olitainrd hy Kaiij ,^
Fnri hrr il'lias lanai shown in ap]K'mlix lliat loi A^  h A^  I-2S2, in rxrrilrut- 
aguamirnt witJi work of Kang (107A)
:t.l r h c n o m e n o lo g y  o f  'scalar mv.son f/f.vvA/y.s
n is rridrnl from (Hj. (lOr). Unit Ay is minimum (foi 000 Mr\'') d'
-- 0 and Ay v^\\\ inrrrasi  ^ if f/ -p irk s  up its valur li^ ntn /Aao, KiiiUirr il 
lias rxporinirutally brer n^ vualod that is small, thn sum (IVv i I^ a-a.,^ )
\is of tho ordrr of o. 'I’lirsi^  result,.
(hnn. I
show that ^ 22-110 and A, -  42S0> 10 h If tlirrr js no exprrimcmtal
um^ertaiidy for arcuralely be determined IV mi e(| (10e).
equal to (40 d-S) and the rat io a
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In vK'vv of 1li(‘ above" (Uhcuhsuhi, tliv valium ol iniT<?asvd at Htapf(\s by
oiu' irom its iniiuniurn, and tUv substitution of tliosi" (Oiangod values ol
in r(| results in the eorresjHiudiag values of and the de^ eay Avidths.
I'mni llu* kno\vl<^ dg(‘ ol and the eixpuiineulal findings (P^ V^ un l
(10 [ S) MeV, and <fkk(,^  ean bo olitained. Tt is to be noted tluit a spec-
(linn of vabi(‘s ol (In* eoupling eonstants lias f)oen listed in tabJi' 2, but only that
I Ukk'o^  \
value will Im- eonsi(l(‘red wliieb satisly lh(‘ eonditiou a I t-  ‘ ) 5 tlie ])ur
s(ui‘ ("NjK'i iinenlal liudinjLe d'he variatitm nf the dtsuiy widths and the ratio a 
with j) (A,''' (he diflej'tuiee be(\\een (In- eJianged and the miniuniiii
\ahi(" of /!,, is sJinwn in tables 2.
'fabli' 1'lu‘ deeay widths of scalar mesons and the ratio o', while
T\ 000 MeV
/i JU'
4u;m Ml 2 0 :hi t 0 r> 0 0 0
1\.
(M.Ad
(rristis r)’:ies2 i)4:uis 14-745 21-21J5
(MpV)
i:t tlirj titiios :tsainis M  r.(;:ej 2<) 2550 22 75(S5
,'/AA.„ V
,, JT /
1 1 i»:t ■22(M) 1 HKl in (I t 7-:ts n 00
d'he al)ov(‘ t-alAe niakt^ s it (dear that for />' - 2224 ‘ lO^ ’^  a - 5'00, wiiieh 
is eIos(‘ lo tlu‘ (‘X|Mu imental value - O-O. and rr. --=0*4270 and not /a,/-' 
as ohtainef! by Hraiidt vt af 1070).
Tin- nuportaait feature" of tin* pre^ seuit work is that our results, as giv(Ui in 
table 2, are jt(‘xibl(* (Uiough tn aee.ommoflate any value of L whieli tli(^  experi- 
uUMitiilists will tiiid in futain* (hiee L is tix(al rr_, ("an bi‘ determimal trom 
talile 2.
1. Dlsn sSlON iV.Nl) (k)N(UAJ.S1 0NS
In the' pr(a*("ding s("t*t ions wc* st udied meson-meson sigjua-ttu’ms and obtaiiu;d 
tin* miim‘i‘ieal estimatinirs of tJii‘ d(‘(‘ay widths for scalar mk'sous These results 
are not (‘oiu‘lusiv(‘ bi"i*anst‘ tlu\v depend on the mass of the scalar mesons (m ,)  
uliost" value is nut preeisidy kiioAVu. In the papus (Hrandl vt a/ 1070, Kang 
I07;U tin* value <d rr. and n  j. h a w  been estimated to he ?//_“ and M res-
p("i tivi'ly. This \ inw lias to he modified as the eoutdusions in st'id. 3 ijidieat(\
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The of eqs. (lOb) mid (lOe) are very imjiortmil us widl us mli*resuii ,^ 
iu view ol i\w facd Unit if tlii^  eoujiline emistauls an‘ aeemately (Udenniueii
Un* meson-meson si^ina-ternis will also he pn -^isidy kno\Mi, and viee-\('isn.
We liavT not imnsiderial in se<n l{ Uu‘ idfeet of paini i^e inixiiiii: tor scalar 
mesons |Vr^ , corresponds to pliysi(‘al j>arl i(‘le f (HM) Mi'V)| b>i if rr,_ ami are 
aecnrabdy (Udermimul, tJi(‘ 7 ,,,„^ ’s can be found out iVom eqs, (Ida) to (Idc).
From the knowJtai,i (^‘ of eouplin;L^  etnistaids, oiu^  can test whether niixiin-;
is m‘e(‘ssa,rv^  to tit. tie* ileiaiy widths with the jiri‘sent t'xjxM’ina utal data,
I'\irtlua’ it is to la‘ numtioned that laMause tUv* «v\pej inienta! nneertaiul y m 
the estimations of tlie jiaraimdiTS like and tln^  deea^  widtlis the results as 
obta-ined in tdu‘ pria-ialijin scad ions, should not be taken as d<adsiv('.
hdnally w’c hope that tin* pn\sent woi ls, Avill iielp to eriaite sonu‘ intm'st (dr 
experimental dtderminallon ofihe abov(‘ luentioju'd j»aranieters and the uK'stun 
meson sigma-terms,
Avrimniv
We shall out line th(‘ ealenlalions < t meson-meson sigina-tenus tdjlo\viu;i, 
I h(‘ plulosopliy (d (hdkManu, (takes and Itminer. In t,]iis mod(d it is siqiposerl 
that t,hi‘ S t s y m n u ' t r y  breakini; liadi-oii energy dmisity is for the fonn
11' -
where 7/„ and biong live singh't. and tlie mgld eonq»ommt of (he octet scalar 
(hmsities Ix Joueing to tlie (»k ;j)0(.*k ;i) j'cpresent al ion of su(,‘l)^sii(;t)
In this model the axial s'-eidoj- cuiTimt divm’genees aie givcm by
... ( A J )
'The N'a.mium to om^  meson nuitrix element (d the (mriimt. divtagenecs may b<* 
expi'cssed in tli(^  low' (‘mu'gy limit as
" < M I  e? ■-' = ''iw'r ... (A2)
wliere rj and aq are t,h(‘ d(‘cay eonstanl and mass id’ the psedosalar m(‘soii yo
W itll the use id ci] (A1 ) tlu‘ exj)r(^ssions Jor aiul oy rialuce to tiie Idllow'- 
ing form
A  h ■' ' ,  yVH / •
'11!(1
/ /2 
A h "
i \ (
2v0'' )"* IJ
2V3 .'a ■ (AH)
(A-l)
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Hr K Irom (AI), (AH) (uid (A4) l.liiH (t'h and lu'iu-<t A’saict
Tiikiiij^  I'lii' ratin id'ciis. (AH) and (A4) we ;f(d
*M *'r! I” o'i- 
<ri- A'.-- “f‘„
,v ... (A-,)
alien
A’ .:-()|a„|7r ■ 0|aj.|A ->
III ill! ‘ soli nit'soii Imiili oxpichsiohs |
l>r wrilldMi ill IdMiiis ol llu‘ \^ ‘UMlUln (‘XjM'Hdiijou V4ihi(\s oi fuul //„, u.s Jolimvs
0 I / , 177 -' - 0 I r, 1 n{<j - 0) - "
aiuJ - 0 I Vk I A"
- Jf.!L I ./■> 
\/He, ' ' |h„|() .-4 - 01«k|() M
■ . 0 1 a/,-1 A - -  ^ I \/H(l - 0 1 a„ 10 :- - 1 <  0 1 «„ 10
wlirro mo.'isiirr tiu^  i‘on(u*tions dur to Mu* wolt j)ioii aiul Kiion liniil^ 5 
ICtjS. (All) and (A7) lr:i,d to
(A())
(A7)
f'l I 1 -h* \ 
\I-W2/
(AS)
u lin v  r  juiviMUirs Mu‘ kii(H) bn^aldiij*; td Mu‘ N^aciuun
111 has hi*(*u o|>s(.!i'V(‘d thaf a, j.Xk 1H> and r ::z and huiu-c* t'(| (AS) lomls 
to A-^l /,‘t.
VMMi A (Uj. (Ar>) j'c'(im*os to
A n
■2 Ck
3 r
IhiUiinj; A, I, An roiui's out to hr in|U{il to 1-282.
RjCFEUiiJ^ lCKa
UnuHlI It r/f/M‘niKlH/1 (NY) 61 I Ut
Clii'MuT. 1’ vt ill UlTI fx\r l.ilt 36. r>9l.
(Irll Mans AI llMiJ riiiis lirr 125, HMU, l!)lil PhynW  ^ 1, (iii 
(J.'ll Mmin M .7 mI llBiS rh\js. lin\ 175, 2l0;r 
(lla^ lmNs |s L. ri 1!»6S 77k/.-j, iU v. Ij'tt. 20, 'JlM. 
lli)i)M'l r  tSk Kill) .) Iv ll'TO /Vo/^r Hf'r. Dl, M.
Ivd-iiur ■! S, linn lit r H7,
I’lulicli' Dtila (Imup im 1 Pfitf.'i Lvtt. 50M 
l '^yn M, 11)71 lu’i\ Moif. Pitifti 46. 
iSiiiha K. K. i/ a! l'J7‘A Vroij Tiuoi 4B, -IHi
Snilia J\ it al 11)71 Lilt novo Cinnulo 11, Mli,
